linked with the ABC transporter protein ABCC2 in strains of seven species of Lepidoptera, including H. armigera [12] [13] [14] [15] .
Tay et al. honed in on ABCA2 because it was produced in the midgut where Bt toxin binding occurs, but ABCA1 was not. In cDNA of ABCA2 in a resistant individual from the SP15 strain, they found a 73 base pair deletion that introduces a premature stop codon. Including the SP15 strain, Tay et al. detected the same mutation in five of seven resistant lines of H. armigera, each established independently from insects collected from the field during 2002 to 2012. They found two other mutant alleles at the same locus in two other resistant lines, yielding a total of three mutant alleles that each encode a truncated ABCA2 protein. Screening of one Cry2Ab-resistant strain of the congeneric species Helicoverpa punctigera revealed a different premature stop codon in the orthologous gene.
This new paper is a worthy successor to the landmark 2001 article by David Heckel's group, which was the first to report the molecular genetic basis of resistance to Cry1Ac [16] . As that paper did for Cry1A toxins, this one will accelerate research to enhance understanding of the mode of action of Cry2A toxins. We now know that diverse mutations in cadherin and other genes can confer resistance to Cry1Ac in the field [17, 18] , which limits the utility of PCR-based monitoring for specific resistance mutations. Nonetheless, identification of cadherin as a key receptor for Cry1A toxins did spur genetic engineering of modified toxins that kill some insects resistant to Cry1 toxins [19, 20] , and this paper might inspire analogous discoveries for Cry2-resistant insects. Despite the 85% adoption of Bt cotton producing Cry2Ab and Cry1Ac in Australia since 2005 [7] , eight years of monitoring data from the robust F 1 screen method show no significant increase in the frequency of resistance to Cry2Ab (0.032 in 2007-2008 to 0.021 in 2014-2015 for H. armigera; 0.010 to 0.011 over the same eight years for H. punctigera) [21] . If the Cry2Ab resistance alleles provide protection against this toxin, why has their frequency not increased? Part of the explanation is that Cry1Ac resistance remains rare in Australia [21] and, with little or no cross-resistance, the Cry1Ac in the two-toxin cotton kills individuals resistant to Cry2Ab. This is reflected in only zero to 8.5% survival of SP15 larvae on two-toxin cotton [22] .
Fitness costs associated with Cry2Ab resistance alleles could also delay the evolution of resistance in H. armigera and H. punctigera by selecting against these alleles when larvae eat non-Bt cotton or any of the other non-Bt host plants of these polyphagous species. Because insect ABC transporters often provide protection against xenobiotics, the resistance-conferring mutations disrupting these proteins may diminish their natural function, yielding higher fitness costs in the presence of toxic substances, such as plant defensive compounds and insecticides other than Bt toxins [12] . Although significant fitness costs of Cry2Ab resistance in H. armigera were not detected when larvae ate either artificial diet [23] or mature non-Bt cotton [22] , survival on younger non-Bt cotton was significantly lower for resistant larvae (81%) than susceptible larvae (100%) [22] , which is a substantial fitness cost. Moreover, in strains of H. armigera and H. punctigera with ABCA2 mutations, resistance to Cry2Ab is associated with significantly increased susceptibility to the organophospate insecticide chlorpyrifos and the carbamate insecticide methomyl [24] .
Although Tay et al. provide compelling evidence that ABCA2 is essential for toxicity of Cry2Ab to Helicoverpa armigera, the precise role of this protein in the mode of action of Cry2Ab remains unknown. In strains of H. armigera and H. punctigera that harbor ABCA2 mutations, resistance to Cry2Ab is associated with reduced binding of this toxin [25] , which implies that ABCA2 either binds Cry2Ab directly or facilitates binding of Cry2Ab to other target sites. A similar correlation with reduced toxin binding is typically seen with resistance to Cry1A toxins linked with mutations disrupting ABCC2 [12] . However, in the silkworm Bombyx mori, Cry1Ab bound equally to brush border membrane vesicles from susceptible larvae and larvae with ABCC2-linked resistance [26] . Additional work is needed to test the hypotheses of Tay et al. that ABCA2 provides both binding and pore formation functions for Cry2Ab.
It will also be important to determine if resistance to Cry2Ab is associated with mutations affecting ABCA2 in other lepidopteran pests, particularly the field-evolved resistance to Cry2Ab in the US of Helicoverpa zea [4] , a close relative of H. armigera. With global use of Cry2Ab increasing, more cases of field-evolved resistance are inevitable. For example, the risk is high for resistance of pink bollworm (Pectinophora gossypiella) to Cry2Ab in India, where the refuges of non-Bt host plants are scarce, resistance to Cry1Ac is widespread, and exposure to Cry2Ab is extensive [8, 18, 27, 28] . Better understanding of the role of ABCA2 in the mode of action and mechanism of resistance to Cry2Ab may enhance our capacity to counter such resistance.
